Objective: We sought to define the significance of brachial amyotrophic diplegia (flail arm syndrome [FA]) and the pseudopolyneuritic variant (flail leg syndrome [FL]) of amyotrophic lateral sclerosis (ALS; motor neuron disease).
the definition of clinically and biologically important phenotypic variations is increasingly important.
Apart from these three main ALS subtypes, two other forms have been recognized since the late 19th and early 20th centuries but relatively inadequately studied, these being the flail arm (FA) and flail leg (FL) syndromes. In order to understand the natural history of these syndromes and to test the hypothesis that these distinctive phenotypes may be associated with significant differences in prognosis or in sex ratio (most likely reflecting important biologic differences from other ALS variants), we studied their natural history in two large clinic-based cohorts. Clinical notes and databases were analyzed using a standardized form for recording data with agreed phenotyping criteria. The London database included 22 of 39 patients with the FA syndrome evaluated between 1993 and 1996 previously reported. 8 The Melbourne database contained 10 FA and 6 FL patients who were included in a prospective study of disease progression and survival. 9 The study was approved by the ethical review boards of the participating centers.
Patients were classified according to the revised El Escorial research diagnostic criteria, 10 and categorized according to site of onset (bulbar or limb onset ALS). The operational definitions of the FA and FL syndromes are summarized in table 1. To differentiate these conditions from early limb onset ALS or PMA, we specified that functional involvement must be confined to the flail limb for at least 12 months after onset of symptoms. Patients presenting with a pure lower motor neuron syndrome that was not in keeping with the characteristic pattern of wasting of the FA or FL phenotypes were classified within PMA or limb onset ALS categories, depending on their subsequent clinical picture. Patients diagnosed with conditions such as spinal muscular atrophy, Kennedy syndrome, monomelic amyotrophy, Hirayama syndrome, and multifocal motor neuropathy, which are not considered part of the ALS spectrum, were excluded from the study. Patients with a family history of ALS were excluded from the analysis, as were individuals who developed disease under the age of 18 (juvenile onset).
For the London cases, baseline demographic details and clinical data (date of onset of symptoms, site of onset of symptoms, site and dates of involvement of second and third regions of involvement) were extracted from the patient's history and correspondence letters. Clinical findings at first examination and last follow-up examinations were noted. As wasting was almost always associated with weakness in the FA and FL patients, and for ALS patients spasticity manifests as weakness, we did not differentiate between those patients whose onset was not weakness, but rather spasticity or wasting without weakness. El Escorial category at presentation was defined according to the revised Airlie House criteria, but patients with pure lower motor syndromes (who could not be classified in the revised criteria) were classified into an additional category of suspected ALS. Use of riluzole was defined as taking riluzole for longer than 2 weeks. Diagnostic delay was the time from symptom onset until a confirmed diagnosis of ALS was made either by the referring neurologist or at the tertiary center, as recorded in the case records. Functional involvement of a CNS region was defined as development of weakness, wasting, or spasticity in a limb or dysarthria and dysphagia in the bulbar region. Timing of spread was based on the date of onset of symptoms and dates of development of functionally significant symptoms in a second and third region, which were gathered from the clinical history. The time (in months) between onset of symptoms and development of functional involvement in a second CNS region was termed spread to second region and time between functional involvement of the second and third CNS regions was termed spread from second to third region. In the Melbourne cases, baseline demographics, clinical features, and information on riluzole use were gathered. Survival times (months) in both populations were considered from onset of symptoms to either death or censoring date of January 1, 2008. Date of death was ascertained by clinic records, death certificates, and contact with the patient's registered general practitioner.
Statistical analysis. Clinical and demographic variables were
compared between subgroups using one-way analysis of variance for continuous variables (with subsequent post hoc Dunnett tests) and 2 test for categorical variables. Assumptions were tested by inspection of residual plots and variances, and variables which were non-normally distributed (diagnostic delay, spread to second region, spread from second to third region) were normalized by log transformation. Survival times were analyzed using the Kaplan-Meier method and survival curves between groups were compared using the log-rank test. Censoring date for survival data was January 1, 2008. The Cox proportional hazards model was used to assess the simultaneous effects of several independent variables on survival. Significance was tested at the 5% level and all analyses were done using SPSS 15.0 software package.
RESULTS
The demographic features of the London cases are shown in table 2. In the London database, a total of 1,311 cases met the inclusion criteria for analysis and survival data were complete for 1,188 (90.6%) cases. Of the 1,188 cases included in the 
There was no difference in time to spread between PMA and limb onset ALS (p ϭ 0.3). Time to spread was longer in FA and FL cases in comparison to both limb onset ALS and PMA (both p Ͻ 0.001). The time to spread to a second region correlated with survival for all phenotypes (Pearson r ϭ 0.65; p Ͻ 0.001). However, the time to spread from second to third region was only different between bulbar onset cases and other phenotypes (p Ͻ 0.001). Diagnostic delay was longer in both FA and FL subgroups compared to limb onset ALS (both p Ͻ 0.001). Similarly, the median time from onset to noninvasive ventilation use was longer in the FA and FL patients compared to limb onset cases (both p Ͻ 0.001).
The overall median survival from onset of symptoms in the London cohort was 35 months. The bulbar onset survival was 27 months and limb onset 34 months. The longest survival was found in the FL (69 months) and FA (61 months) phenotypes. Consequently, the 5-year survival rates were much higher in FL and FA phenotypes (FL ϭ 63.9%, FA ϭ 52%) in comparison with limb onset ALS (20%). The 10-year survival rates for FA remained higher than other phenotypes, but for FL this reduced to a similar level to limb onset ALS phenotype. The Kaplan-Meier survival curves for the five phenotype subgroups (figure 1A) were different overall (log rank 2 ϭ 112.1; p Ͻ 0.001). Post hoc tests show the curve for FA differs from limb onset (p Ͻ 0.001) and PMA (p ϭ 0.008). Similarly, the curve for FL differed from A Cox model (table e-2) was constructed on the London cohort with phenotype, age at onset, gender, bulbar onset, riluzole use, El Escorial category at presentation, and diagnostic delay as independent variables ( 2 ϭ 371.1; df ϭ 12; p Ͻ 0.001) and the resulting curves for adjusted survival at the covariate means are shown in figure 1B . Gender was not a significant predictor of survival in either KaplanMeier analysis or in the Cox model (p ϭ 0.302). Bulbar onset was significant in a Cox model that included only phenotype, age at onset, and gender as variables, but was not significant in the final model when diagnostic delay, El Escorial category at presentation, and riluzole use were added (p ϭ 0.117). Compared to having limb onset ALS, having FA phenotype reduced the hazard by 37.9% (p Ͻ 0.001) and FL reduced hazard by 32% (p ϭ 0.014). Age at onset increased the hazard by 2.7% for each year the patient's age at onset is above the mean (p Ͻ 0.001). Riluzole use reduced the hazard by 25.9% (p Ͻ 0.001). Compared to having at presentation clinically definite disease by El Escorial criteria, having clinically suspected disease reduced the hazard by 53.6%; clinically possible disease by 41.8%; clinically probable-laboratory supported disease by 35.5%; and clinically probable disease by 25.9% (all p Ͻ 0.001). For diagnostic delay, hazard is reduced by 3.9% for every month longer it took to confirm the diagnosis, above the mean diagnostic delay (p Ͻ 0.001).
The demographic features of the Melbourne cases are shown in table 3. The database contained 567 cases meeting the inclusion criteria and clinical data were complete for 432 cases (76.1%). Of the 432 cases included in the analysis, 159 (36.8%) had bulbar onset ALS, 238 (55.1%) had classic limb onset, 22 (5.1%) had FA, and 13 (3%) were identified with FL syndrome. The M:F ratio was 1.1:1 for typical ALS (bulbar ϭ 0.8:1, limb ϭ 1.3:1), 10:1 for FA, and 5:1 for FL. Mean age at onset was different between bulbar and limb onset (p ϭ 0.003) but not between limb onset, FA (p ϭ 0.85), and FL (p ϭ 0.9) subgroups. Riluzole use was lower in the Melbourne patients as it was not licensed for use in Australia until August 2003.
The overall median survival from onset in the Melbourne cases was 31 months for all patients. The shortest median survival was in the bulbar onset group (27 months), followed by limb onset (31 months), FA (66 months), with the longest survival being in the FL group (71 months). Five-year survival was 9% for bulbar onset, 19% for limb onset, 53% for FA, and 77% for FL. The survival curves for each phenotype are shown in figure 2 . The log-rank test indicated that overall survival patterns were different ( 2 ϭ 43.0, p Ͻ 0.001). Post hoc comparisons showed the curve for limb onset differed from that of FA (p Ͻ 0.001) and FL (p Ͻ 0.001).
DISCUSSION The FA phenotype was described by Vulpian 11 in 1886 as a syndrome of proximal weakness and wasting of the upper limbs (scapulohumeral variant of progressive muscular atrophy or forme scapulo-humérale). The condition has been variously termed the Vulpian-Bernhardt syndrome, 12, 13 hanging-arm syndrome, 14 neurogenic man-in-abarrel syndrome, 15 brachial amyotrophic diplegia, 15 or the FA syndrome. 8 The syndrome typically presents with progressive upper limb weakness and wasting that is often symmetric and proximal, without significant functional involvement of lower limbs or bulbar muscles. Most patients with FA have or later develop EMG evidence of lower limb involvement 15, 16 and bulbar involvement develops in 27-77% of patients. 8, 17, 18 Electrophysiologic studies indicate that cortical and peripheral hyperexcitability are present in FA syndrome as in typical ALS. 18 Pathologic studies on two cases have shown anterior horn cell loss with Bunina bodies, ubiquitin-positive skein-like inclusions, and Lewy body-like inclusions in the remaining motor neurons, typical of ALS. 16, 19 The FL syndrome was first recognized by Pierre Marie and first described by his student Patrikios 20 and was known as the pseudopolyneuritic variant of ALS (forme pseudopolynévritique de la sclérose laté-rale amyotrophique), 2,21 the Marie-Patrikios form, or the peroneal form of ALS. 22 Marie and Patrikios described a syndrome of distal onset weakness and wasting of the lower limbs which was asymmetric in onset, with absent lower limb tendon reflexes, slow progression, and subtle or late UMN signs. Population and clinic-based studies have shown that FL had the longest median and 5-year survival rates. [23] [24] [25] Central motor conduction times are markedly prolonged despite the absence of pyramidal signs. 26 The pathology of this condition is that of ALS, with extensive myelinated fiber loss in the lateral corticospinal tracts of the thoracic and lumbar spinal cord segments. 27, 28 We have shown in this study that the natural history of the FA and FL syndromes differs from more typical forms of ALS. The FA and FL syndromes have a significantly better prognosis in terms of median and 5-year survival rates compared to bulbar and limb onset ALS. The longer FA is confined to the arms, and FL is confined to the legs, the longer is survival. However, for all phenotypes, a longer duration to involvement of a second region was associated with better prognosis. In addition, our data suggest that the FA and FL cases that may have been classified as PMA in previous studies probably account for the supposed better prognosis of PMA, 6, 7, 29, 30 since in the London cohort PMA cases falling outside the definitions of FA and FL syndromes had a survival probability identical to that of typical ALS. We acknowledge that specification of case definitions is likely to account to some degree for the differences. The distinction between FA without UMN signs and PMA cases that remain confined to arms for Ͼ12 months was made on the pattern of muscle wasting at presentation, and it is not surprising that more generalized disease at onset is associated with worse prognosis. We also confirmed that the FA syndrome is more common in men, with a male to female ratio of 4:1. While this is less striking than the ratios observed in earlier studies of 9:1 8 or 10:1, 18 our observations based on a much larger sample are more likely to be robust. For FL, contrary to the original description where this syndrome was considered to be more common in women, the M:F ratio was 1:1 in the London cohort, although in the smaller Melbourne cohort the excess of men is most likely an artifact of sample size.
The validity of our observations based on the London database is strengthened by the findings from the Melbourne cohort. The natural history data are similar, suggesting that our observations are valid for ALS populations drawn from a similar (predomi- Figure 2 Kaplan-Meier survival curves for each phenotype category in the Melbourne population nantly Caucasian) genetic background, despite the biases inherent in any clinic cohort. Nevertheless, we consider it unlikely that selection bias seriously undermines the general validity of our observations. A population-based cohort study is less likely to be biased, but it is difficult to achieve the same level of clinical detail and sample size required for analysis of the natural history of relatively uncommon subgroups such as the FA and FL syndromes. 23, 24 Nonetheless, median survival from symptom onset in the bulbar and limb onset ALS groups in our study is comparable to that found in previous large clinicbased cohort studies 6, 31, 32 and in large population registry studies, 4, 5 making it unlikely that we have overestimated survival. In the future, large populationbased samples comprising detailed and standardized phenotypic information will be required to validate or modify our conclusions.
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